In flowering plants, success or failure of seed development is determined by various genetic mechanisms. During sexual reproduction, double fertilization produces the embryo and endosperm, which both contain maternally and paternally derived genomes. In endosperm, a reproductive barrier is often observed in inter-specific crosses. Endosperm is a tissue that provides nourishment for the embryo within the seed, in a similar fashion to the placenta of mammals, and for the young seedling after germination. This review considers the relationship between the reproductive barrier in endosperm and genomic imprinting. Genomic imprinting is an epigenetic mechanism that results in mono-allelic gene expression that is parent-of-origin dependent. In Arabidopsis, recent studies of several imprinted gene loci have identified the epigenetic mechanisms that determine genomic imprinting. A crucial feature of genomic imprinting is that the maternally and paternally derived imprinted genes must carry some form of differential mark, usually DNA methylation and/or histone modification. Although the epigenetic marks should be complementary on maternally and paternally imprinted genes within a single species, it is possible that neither the patterns of epigenetic marks nor expression of imprinted genes are the same in different species. Moreover, in hybrid endosperm, the regulation of expression of imprinted genes can be affected by upstream regulatory mechanisms in the male and female gametophytes. Species-specific variations in epigenetic marks, the copy number of imprinted genes, and the epigenetic regulation of imprinted genes in hybrids might all play a role in the reproductive barriers observed in the endosperm of interspecific and interploidy crosses. These predicted molecular mechanisms might be related to earlier models such as the "endosperm balance number" (EBN) and "polar nuclei activation" (PNA) hypotheses.
INTRODUCTION
The reproductive processes of flowering plants involve various security systems that ensure the maternal genome unites with a preferred paternal genome for successful production of progeny. Before fertilization, pollen grains of compatible crosses are recognized and permitted to produce a pollen tube on the stigma surface by the maternal parent. The pollen tube, bearing two male sperm cells, is guided by unknown signaling molecules to the seven-celled female gametophyte where "double fertilization" occurs (Higashiyama et al., 2003) . The female gametophyte contains three antipodal cells, two synergids, an egg cell and a central cell that is the fused product of two polar nuclei, all within an embryo sac. These cells arise from sequential mitotic divisions of the haploid cell produced by meiosis in the megagametophyte mother cell (Drews and Yadegari 2002) . In the course of double fertilization, one haploid sperm cell fertilizes the haploid egg cell to generate the diploid embryo. The other haploid sperm fuses with the diploid polar nucleus of the central cell to form the triploid endosperm (Weterings and Russell, 2004) . The seed coat is a maternal tissue developed from the integuments of the ovule after fertilization. Therefore, the genetic compositions of the three parts of the seed are not identical. In a diploid plant, the seed coat has two sets of maternal chromosomes, the embryo contains one maternal and one paternal chromosome set, the endosperm has two sets of maternal chromosomes and one set of paternal chromosomes. Successful seed production can only occur through the correct Edited by Takashi Endo * Corresponding author. E-mail: tekinosh@lab.nig.ac.jp genetic interaction of these three parts.
Seed abortion is widely observed in interspecific crosses and intraspecific crosses between parental plants with different ploidy levels (Haig and Westoby, 1991; Birchler, 1993 ). An early explanation suggested that seed abortion was related to disturbance of the ploidy levels and genetic compositions of the three tissues: the seed coat, the embryo and the endosperm (Müntzing, 1933) . It has been reported that seed development is dependent on maternal control and interactions and cell-to-cell communication between these tissues (Garcia et al., 2005; Schruff et al., 2006) . However, the tissue most sensitive to the species barrier and ploidy difference is the endosperm. In addition to the failure of seed development, endosperm development can be affected in opposite manners in reciprocal crosses. Based on observations of many crosses involving plants with different ploidy levels, a possible explanation for this effect has been proposed: an excess of maternal chromosome represses endosperm proliferation, whereas an excess of paternal chromosome promotes it (Scott et al., 1998) . Various hypotheses have been proposed for the mechanism of this phenomenon (Dilkes and Comai, 2004; Gehring et al., 2004; von Wangenheim and Peterson, 2004) . One of the candidates responsible for the reciprocal effect on endosperm phenotype is genomic imprinting and its controlling mechanisms.
Genomic imprinting is an epigenetic phenomenon that produces differential expression of maternal and paternal genes; it has been found in mammals and flowering plants (Scott and Spielman, 2006b) (Fig. 1) . Although the process of sexual reproduction is very different in these two taxa, the key regulators of genomic imprinting are conserved: DNA methylation and histone modification (Arnaud and Feil, 2006) . In both cases, differences in the status of the epigenetic modification of the imprinting control region (ICR) of the maternally and paternally derived chromosomes determine the on-off states of expression of imprinted genes. Therefore, genomic imprinting in plants and mammals is a case of convergent evolution. Both types of organisms commonly require epigenetic modifications, however, the underlying regulatory mechanisms are different. In mammals, DNA methylation is controlled by bi-directional modifications, which are erasure of DNA methylation and de novo DNA methylation. During gametogenesis, differential modification of DNA methylation on ICR is erased and re-established by allelespecific de novo methylation (Feil and Berger, 2007) . On the other hand, genomic imprinting in plants is controlled by uni-directional modification of DNA methylation (Kinoshita et al., 2004) . In Arabidopsis, the maternallyderived copies of the genes MEDEA (MEA), FWA and FERTILIZATION INDEPENDENT SEED2 (FIS2) are expressed in the endosperm, whereas the paternal alleles are silenced by DNA methylation (Kinoshita et al., 1999; Vielle-Calzada et al., 1999; Luo et al., 2000; Jullien et al., 2006a) . The maternal expression of MEA, FWA and FIS2 depends on the activity of DEMETER (DME), which mediates removal of DNA methylation marks on the imprinted genes in the central cell of the female gametophyte (Gehring et al., 2006; Kinoshita et al., 2004 Jullien et al., 2006a . Because endosperm is a terminally differentiated tissue, and does not transmit genetic information to the next generation, the epigenetically modified imprinted genes do not require further modification (Kinoshita et al., 2004) .
Based on the phenotypes of mutants for imprinted genes in Arabidopsis, antagonistic roles of imprinted genes have been proposed. The mutants mea and fis2 retain the embryo sac syncytial state and show overproliferation of endosperm nuclei, suggesting that MEA and FIS2 are negative regulators of endosperm proliferation (Kiyosue et al., 1999; Ingouff et al., 2005) (Fig. 2) . In contrast to the specific expression of the maternally derived alleles of MEA and FIS2, PHERES1 (PHE1) displays preferential expression of the paternal allele and is thought to be a positive regulator of endosperm development (Kohler et al., 2003) . To date, PHE1 is the only known gene that shows paternal-specific expression in Arabidopsis (Kohler et al., 2005) . In this review, I summarize the evidence that, as predicted by many workers, the antagonistic action of imprinted genes and controlling mechanisms of genomic imprinting may be responsible for the reproductive barrier observed in interspecific and interploidy crosses of many plant species.
Ploidy barrier in endosperm Although flowering plants easily tolerate polyploidy in the vegetative life cycle, the endosperm has an obvious ploidy barrier in many species including Arabidopsis (Birchler, 1993; Scott et al., 1998) . In maize, the ratio of two maternal chromosome sets to one paternal set (2:1) is critical for successful endosperm development as well as seed maturation (Lin, 1984) . In Arabidopsis, a ploidy barrier can be observed but its effect is not absolute. The progeny of a cross between hexaploid and diploid plants are inviable, while those of tetraploid and diploid parents are viable (Scott et al., 1998) . A cross between tetraploid maternal and diploid paternal plants produces seeds that are smaller and have a smaller endosperm; the reciprocal cross produces seeds that are larger, and have a larger endosperm than those of self-fertilized diploid plants. In this regard, it is thought that the maternal and paternal chromosomes are not functionally equivalent for endosperm development, despite the fact that their DNA sequences are identical after self-fertilization. In addition to seed and endosperm size, other aspects of endosperm development are also affected in these crosses. Following self-fertilization in diploid Arabidopsis, the fertilized central cell undergoes several rounds of mitosis without cytokinesis and forms a syncytium (Brown et al., 1999; Berger, 2003) . At the transition stage of globular to heart embryo development, the syncytium undergoes a cellularization process that begins at the micropylar end and progresses to the chalazal end (Brown et al., 1999) . After cellularization, the endosperm ceases proliferation and degenerates to support embryo growth (Boisnard-Lorig et al., 2001 ). An excess of the maternal genome (for example, from a cross of maternal tetraploid and paternal diploid plants) reduces the number of endosperm nuclei and also causes precocious cellularization. An excess of paternal chromosomes (for example, from a cross of maternal diploid and paternal tetraploid plants) increases the number of mitotic divisions and delays cellularization (Scott et al., 1998) . These results raise the questions of what is the effect of the cellularization abnormality on seed development, and how is the timing of cellularization determined?
In crosses between plants with an incompatible ploidy combination, the relationship of the timing of cellularization in the endosperm and the developmental stage of the embryo is not clear due to abortion of the seeds. In contrast, cellularization occurs between the early globular and early torpedo stages of embryo development in viable combinations. Therefore, cellularization might be a necessary step for phase transition during seed development (Ingouff et al., 2005) . The endosperm of fis mutants does not cellularize (Ingouff et al., 2005) , and eventually the embryos cease development at the late heart stage (Chaudhury et al., 1997; Grossniklaus et al., 1998; Kiyosue et al., 1999) . Therefore, it seems that control of cellularization is critical to seed maturation. In Drosophila, the timing of cellularization during early embryogenesis is determined by the nucleo-cytoplasmic ratio (Edgar et al., 1986) . Unlike the Drosophila embryo, endosperm increases its cytoplasmic volume during the formation of the syncytium. The timing of cellularization may be determined therefore through control of cytoplasmic volume and by the number of cell cycles (von Wangenheim and Peterson, 2004) .
Endosperm balance number hypothesis and polar nuclei activation hypothesis Disruption of the endosperm before cellularization is frequently observed in interspecies crosses as well as interploidy crosses (Kihara and Nishiyama, 1932; Nishiyama and Inomata, 1966) . A number of hypotheses have been proposed to explain this phenomenon (Haig and Westoby, 1991; Ehlenfeldt and Ortiz, 1995) . In 1980, Johnston and colleagues proposed the "endosperm balance number" (EBN) hypothesis based on their observations in interspecific crosses of Solanum (Johnston et al., 1980) . This hypothesis proposes that normal endosperm development only occurs in the presence of a 2:1 female to male ratio. If this ratio is not present in a cross, then the endosperm does not develop properly resulting in seed failure. Johnston and colleagues classified the Solanum species into several groups based on the compatibilities of the crosses and, from this information, predicted EBN for each group, which was not necessarily the same as the actual ploidy level. Effective ploidy in the endosperm can be calculated by multiplication of the EBN, a species-specific coefficient, by the actual ploidy level. In a cross between diploid Solanum chacoense and diploid S. brevidens, seed failure occurred due to endosperm abnormality. Johnston and colleagues had calculated 2EBN for S. chacoense and 2EBN for S. brevidens. The effective ploidy in the endosperm of this cross was therefore 1:1, which deviates from the optimal 2:1 ratio. They confirmed this formula by an experiment involving a cross between diploid S. chacoense (2n, 2EBN) and colchicinetreated tetraploid S. brevidens (4n, 2EBN) (Fig. 3) ; this cross produced viable triploid progeny (Johnston and Hanneman, 1982) .
Although the actual ploidy in the endosperm deviates from a 2:1 ratio, the effective ploidy matches the desired ratio. Nishiyama and Yabuno (1978) proposed a hypothesis termed "polar nuclei activation" (PNA) (Fig. 4) . They performed a number of interspecific crosses using 10 different Avena species, and analyzed seed development. Based on their observations, they proposed the PNA hypothesis, which has similarities to the EBN proposal described above. The most striking feature of the hypothesis is that it predicts an antagonistic interaction between maternally and paternally inherited chromosomes in the endosperm. Nishiyama and Yabuno (1978) suggested that it would be possible to quantify this interaction using two values: firstly, a value intrinsic to each polar nucleus called the response value (RV); and secondly, a value intrinsic to the sperm termed the activation value (AV). They also quantified the degree of seed development as the activation index, found from the ratio AV/2RV. This ratio exactly represents the chromosome sets of the triploid endosperm, i.e. two maternal copies of a chromosome to one paternal copy. Thus, 0.5 is the activation index for self-fertilized plants. Any deviation from the standard value in a cross represents subnormal endosperm development (see Fig. 4 ). Endosperm development is effectively normal between 0.3 and 0.8, although activation indices larger than 0.5 signify overproliferation of the endosperm, and smaller indices indicate underdevelopment of the endosperm. A cross that has an activation index greater than 0.8 produces large shriveled kernels that are inviable. In contrast, activation indices less than 0.2 result in small kernels with seed abortion.
The formula precisely explained the effect on seed production seen in interspecific crosses of Avena species. It has also been used to explain other observations from Lycopersicon (Cooper and Brink, 1945) . In Avena, some combinations of crosses show directional compatibility, for example, female A. pilosa crossed with male A. ventricosa produced viable seed, whereas fertilization was unsuccessful in the reciprocal cross (see Fig. 4 ). This directional failure of hybridization is probably due to well-know phenomenon of unilateral incompatibility Nishiyama and Yabuno 1978) . The seed phenotype, and especially the kernel (endosperm) phenotype, of each cross is shown. The activation value of each species is considered to reflect the "genomic strength" of the parental genome with respect to kernel development, similar to the "effective ploidy" factor of the EBN hypothesis. Kernel development is represented by the activation index (see text).
= ×
activation value 2 response value (Lewis and Crowe, 1958) . Therefore, although both EBN and activation index can provide an explanation for compatible and incompatible crosses between plant species, sexual isolation mechanisms such as pollen-pistil interaction and pollen tube guidance in the reproductive process can also have some influence. Neither of these farsighted hypotheses provides insights into the molecular mechanisms of the functional non-equivalency of maternally and paternally derived chromosomes. Although they do not predict an epigenetic mechanism, these two classical hypotheses are consistent with the proposed role of genomic imprinting in the endosperm of flowering plants (Fig. 2) .
Identification of imprinted genes in plants
Genomic imprinting has long been known in the R locus that regulates anthocyanin production in the kernel of maize (Kermicle and Alleman, 1990) . In this case, the expression of certain alleles is specified in a parent-of-origin pattern in the endosperm. However, at the time this effect was identified, the relationship between endosperm development and genomic imprinting was not known. A breakthrough in the understanding of this relationship came from the characterization of MEA, the SET-domain polycomb group gene (PcG) of Arabidopsis (Grossniklaus et al., 1998; Kinoshita et al., 1999; Vielle-Calzada et al., 1999; Luo et al., 2000) . The MEA gene is expressed in the central cell, the progenitor cell of the endosperm before fertilization, and is also expressed in the embryo and endosperm after fertilization. The MEA protein interacts with another PcG protein, FERTILIZATION INDEPENDENT ENDOSPERM (FIE), which shows similarities to Drosophila Enhancer of Zest [En(z)] and Extra Sex Comb (ESC). Together with FIE, MEA forms a multi-subunit complex and represses a particular set of genes in the endosperm (Goodrich and Tweedie, 2002; Hsieh et al., 2003) . Mutation in the MEA gene causes an embryo lethal phenotype in a maternal-specific manner; it is likely this phenotype results from over-proliferation of endosperm. In the absence of fertilization, the mea mutant displays multiple rounds of duplication of the endosperm nuclei (Kiyosue et al., 1999; Chaudhury et al., 1997) . These data suggest that MEA represses endosperm proliferation.
MEA appeared to be a good candidate for an imprinted gene, as predicted by Haig and colleagues (Haig and Westoby, 1991; Moore and Haig, 1991) , because the mea mutant showed a parent-of-origin-specific phenotype and endosperm overproliferation. MEA has been confirmed to be a maternally expressed imprinted gene in the endosperm using a variety of methodologies: allele-specific PCR analysis; in situ hybridization analysis of nascent transcripts of the maternally derived allele in the nucleus; and analysis of transgenic plants (Kinoshita et al., 1999 The PcG gene FIS2 and the homeobox-containing gene FWA also show a maternal specific expression pattern in the endosperm (Luo et al., 2000; Kinoshita et al., 2004; Jullien et al., 2006a) . A paternally expressed imprinted gene has been identified by screening target genes of the MEA and FIE gene products. From a microarray analysis of the two polycomb mutants, a putative MADS-box transcription factor gene, PHE1, and a putative S-phase kinase-associated protein1 gene, MEIDOS (MEO), were found to be up-regulated (Kohler et al., 2003) . Although MEO is not known to be imprinted, PHE1 has been identified as a paternally expressed imprinted gene (Kohler et al., 2005) . Interestingly, down-regulation of PHE1 expression in a transgenic line that harbored an anti-sense construct of the PHE1 gene rescued the seed abortion phenotype of mea (Kohler et al., 2003) . The interaction of paternally expressed PHE1 and maternally expressed MEA is reminiscent of the proposed action of the maternally and paternally derived chromosomes in the endosperm.
Epigenetic mechanism of genomic imprinting in plants
The parent-of-origin-dependent phenotypes observed in interspecific and interploidy crosses predict that the genomic imprinting mechanism imposes functional non-equivalency on parental genomes or parental gametes prior to fertilization or post-fertilization in the endosperm. Although it is still unclear if the phenotypes of inter-specific and inter-ploidy crosses share a similar mechanism, it is likely that epigenetic regulation is a candidate for the mechanisms of both. If maternally and paternally derived genes have differential modification of their epigenetic information, the parental genomes will be non-equivalent even when their nucleotide sequences are completely identical. This is the case in genomic imprinting. There is increasing evidence in plants that imprinted genes are controlled by DNA methylation and histone modification (Kohler and Makarevich, 2006; Scott and Spielman, 2006a) . FWA has a densely methylated region in the tandem repeats at the 5' end of the gene (Soppe et al., 2000) . It has been proposed that this region was produced by insertion of SINE retrotransposon (Lippman et al., 2004) . Furthermore, these SINErelated tandem repeats have been shown to control FWA imprinting in the endosperm (Kinoshita et al., 2007) and gene silencing (Chan et al., 2004; Chan et al., 2006) . As mentioned above, FWA is an imprinted gene that shows specific expression of the maternally inherited allele. In the endosperm, the maternal allele of the gene has specific hypomethylation of the tandem repeats (Kinoshita et al., 2004) . Genetic analysis has shown that FWA is activated in the central cell before fertilization by the DNA glycosylase containing gene, DME (Choi et al., 2002; Gehring et al., 2006) and is silenced by maintenance DNA methylation in the vegetative tissues, as is the paternally derived allele in the endosperm (Kinoshita et al., 2004) . MEA and FIS2 are also controlled by DNA methylation (Xiao et al., 2003; Jullien et al., 2006a) . However, unlike FWA and FIS2, the paternal MEA allele is not derepressed in the methyltransferase1 (met1) mutant, suggesting another mechanism of self-imprinting controlled by histone modification of the SET-domain polycomb group genes (Baroux et al., 2006; Gehring et al., 2006; Jullien et al., 2006b ).
Epigenetic regulation and endosperm development in inter-specific crosses A model has been proposed that links genomic imprinting to the parent-of-origindependent phenotype of endosperm in inter-specific and interploidy crosses (Haig and Westoby, 1991; Adams et al., 2000; Xiao et al., 2006) . Over-and under-proliferation of the endosperm, similar to that of an interploidy cross, was observed in reciprocal crosses between wild type and hypomethylation (met1) mutant plants. When the wild type female is crossed with an antisense met1 male, relatively larger seeds are obtained with delayed cellularization of the endosperm. The reciprocal cross results in smaller seeds with precocious cellularization of the endosperm. Interestingly, the hypomethylated genome of an antisense met1 transgenic line affects the endosperm phenotype in interspecific crosses (Bushell et al., 2003) . It is known that diploid A. thaliana has a post-zygotic barrier that prevents successful crosses with the closely related tetraploid A. arenosa. However, tetraploid A. thaliana can overcome this barrier (Comai et al., 2000) . In the incompatible cross combination of female diploid A. thaliana and male tetraploid A. arenosa, the endosperm does not cellularize and the seeds are aborted. The abnormal phenotype resembles that of the paternal excess phenotype of interploidy crosses. In contrast, although tetraploid A. thaliana crossed with male tetraploid A. arenosa shows moderately delayed cellularization, the seeds are viable in this combination. According to the EBN and PNA hypotheses, diploid A. thaliana has a lower effective ploidy or response value than tetraploid A. arenosa. Therefore, the doubling of the maternal chromosomes provides the ability to overcome the post-zygotic barrier. A cross between tetraploid A. thaliana harboring an antisense met1 construct and tetraploid A. arenosa produces a post-zygotic phenotype of delayed cellularization and seed abortion remarkably similar to that of the paternal excess phenotype. This means that doubling of the maternal genome of A. thaliana balanced the paternal tetraploid genome of A. arenosa, while the maternal met antisense mutation restored the imbalance (Bushell et al., 2003) . The molecular mechanisms that underlie this phenomenon have yet to be clarified, although the control of imprinted genes by DNA methylation has the potential to regulate the postzygotic barrier. If this is the case, then doubling of the maternal genome would increase the dosage of maternally expressed imprinted genes, such as MEA and FIS2 and, as a consequence, proliferation of the endosperm would be suppressed. In contrast, maternal hypomethylation would cause maternal de-repression of imprinted gene(s) that are normally only expressed from the paternal genome. As a result, the endosperm would overproliferate.
Diversity of imprinted genes in plants As mentioned above, FIE, MEA and FIS2 interact with each other. Loss-of-function mutations of each of these genes cause similar developmental defects in the endosperm. One would expect that all three genes are imprinted. However, while MEA and FIS2 display imprinted gene expression, FIE is not imprinted (Yadegari et al., 2000) . One possible explanation is that the mechanism of genomic imprinting and the interaction of the genes encoding the polycomb complex protein evolved independently. There are a number of lines of evidence that support this possibility. FIE is a single copy gene in Arabidopsis, but maize has two copies, ZmFie1 and ZmFIE2, as does rice, PGE701 and PGE702 (Plant Chromatin Database: http:// www.chromdb.org/). In contrast to FIE, ZmFie1 shows an imprinted mono-allelic expression pattern throughout endosperm development in maize, while ZmFie2 imprinting is restricted to early endosperm development (Danilevskaya et al., 2003) . A recent study also demonstrated a discrepancy in the gene phylogeny and imprinting status of MEA homologues in Arabidopsis and maize (Haun et al., 2007) . In Arabidopsis, MEA, CURLY LEAF (CLF) and SWINGER (SWN) have homology to Drosophila En(z). Maize has three En(z) homologues, Mez1, Mez2 and Mez3. However, MEA and Mez1 are not the closest homologs among these genes. Importantly, MEA and SWN (the Arabidopsis homolog closest to MEA) are collinear region of recent duplication in the Arabidopsis genome (Haun et al., 2007) , although SWN is not imprinted. These results suggest that genomic imprinting evolved rapidly and independently of ancestral gene function. If genomic imprinting evolved rapidly, then the diversity of imprinted genes would be a reproductive barrier in inter-specific cross (Fig. 5) . Insertion of the transposon and tandem repeats found in the promoter region of the imprinted FWA gene might have been a cause of this rapid evolution (Lippman et. al., 2004; Chan et. al., 2006; Kinoshita et al., 2007) .
Dosage-dependent induction model An alternative model, termed "dosage-dependent induction", has recently been proposed for interspecific cross incompatibility (Dilkes and Comai, 2004) . Josefsson et al. (2006) reported findings from a study on the molecular basis for post-zygotic hybridization that support a dosage-dependent induction model. In the incompatible cross between A. thaliana and A. arenosa, they found loss of gene silencing on the paternal ATHILA retrotransposons, similar to hybrid dysgenesis observed in Drosophila. In addition, the polycomb-regulated genes PHE1, MEO and MEA were also mis-regulated. The paternal allele of PHE1 is free from silencing and is normally expressed, while the maternal allele is usually silenced by the polycomb repressive complex. In the incompatible cross of A. thaliana and A. arenosa, the maternal PHE1 gene is also expressed, resulting in bi-allelic expression. In mammals, loss-of-imprinting has also been reported in Peromyscus hybrids (Vrana et al., 2000) . To explain this effect, Josefsson et al. (2006) postulated the presence of repressors of unknown identity that targeted sites in the regulatory region of a gene (Fig. 6) . When the balance of repressors and target sites are matched, the cross combination is compatible. When the repressors and target sites are imbalanced, the cross is not successful due to endosperm breakdown. However, they also showed that the amounts of repressors or target sites can be manipulated using different ploidy levels. A striking finding in their report is that disruption of the imprinted PHE1 gene slightly reduces the post-zygotic barrier that causes seed abortion, suggesting that the imprinted gene is responsible for the reproductive barrier between these two species. Based on its character, it is possible that the repressor is the PcG protein (see Fig. 6 ).
Both DNA methylation and histone modification by PcG proteins are required for the control of genomic imprinting. In other words, epigenetic mechanisms might be associated with the reproductive barriers by acting as a 'filter' against non-preferred combinations of parental chromosome in the endosperm. It is possible that fine-tuning of DNA methylation and histone modification status might overcome the post-zygotic barrier observed in many flowering plants.
CONCLUSION
Recent research on genomic imprinting in plants has highlighted the role of paternal and maternal genomes in endosperm development. Although parental genomes are identical in nucleotide sequences in many self-fertilized plants, their effect on the endosperm development is conflicting, which is mainly determined by epigenetic mechanisms of genomic imprinting. The maternally expressed imprinted genes repress endosperm proliferation, while the paternally expressed imprinted genes promote it. In a cross within the same species, the effect between parental imprinted genes is balanced so that endosperm development is normal. By contrast, a cross with different species might cause abnormal development of endosperm due to the imbalance of imprinted genes. Although the underlying mechanism is not clear yet, the rapid evolution of genomic imprinting and imprinted gene itself may contribute to this reproductive barrier in the endosperm. Further studies on the mechanisms of genomic imprinting, especially in hybrids, will elucidate the reproductive barriers in the endosperm, and also uncover the relationships between genomic imprinting and the earlier hypotheses of "EBN" and "PNA".
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